Aims: Evidence suggests that the presence of tumour necrosis is an adverse prognostic factor in renal cell carcinoma (RCC). However, it has also been shown that tumour regression, a microscopic feature associated with necrosis, may be a favourable short term prognostic factor in RCC. Methods: Pathology reports of 253 RCCs from 1992 to 2001 were reviewed, and identified 37 tumours with substantial macroscopic or microscopic necrosis. Microscopic pathology, TNM 1997 tumour stage, and clinical follow up were reviewed and correlated with pathological findings. Three cases were rejected because two were diagnosed at necropsy, and a third was the result of renal arterial embolisation. Results: Twenty of the 34 cases showed ,50% necrosis, 10 showed 50-94% tumour necrosis, and four showed .95% tumour necrosis. Follow up data were unavailable in three cases. Nine of the remaining 31 tumours progressed; six were group 3 tumours showing ,50% necrosis, three were group 2 tumours showing 50-94% necrosis, and none was a group 1 tumour showing .95% necrosis. Conclusions: Extensive necrosis (.95% necrosis) is rare in RCC, accounting for only 1.6% of those diagnosed during eight years in this unselected hospital series. The microscopic pattern of necrosis was typical, requiring extensive tumour sampling for definitive tumour diagnosis. Although there were only four patients with extensive necrosis, none developed recurrent or metastatic carcinoma, or died from RCC. Although extensive (.95%) necrosis may imply better short term prognosis after adjusting for tumour pathological TNM stage, it is probably not a prognostic variable in RCC. and any evidence of tumour necrosis. 1 2 5-8 However, the importance of extensive necrosis, which is rare in RCC, is not entirely clear.
I mportant prognostic factors in renal cell carcinoma (RCC) include tumour subtype, 1 2 tumour TNM stage, 3-5 nuclear grade, 1 2 5 6 the presence of a sarcomatoid component, 1 2 and any evidence of tumour necrosis. 1 2 5-8 However, the importance of extensive necrosis, which is rare in RCC, is not entirely clear. 9 10 A recent study suggested that RCC with very extensive necrosis may be capable of aggressive behaviour. 8 Necrosis is commonly seen in RCC and necrosis has been shown to be an adverse prognostic factor in certain subtypes of RCC, if any necrosis at all is present in the tumour sections. 1 2 5-8 The pathology reports of all cases of RCC diagnosed over an eight year period were retrieved from our laboratory files to identify tumours showing extensive necrosis. The clinical follow up data of these patients were then obtained.
MATERIALS AND METHODS
The pathology reports of all 253 RCCs diagnosed between 1992 and 2001 at the department of pathology at Queen Alexandra Hospital, Portsmouth, UK, were reviewed after they were identified by searching the laboratory computer database using a SNOMED search for all RCCs. We identified 37 tumours where the pathologist had commented that there was evidence of either macroscopic or microscopic necrosis at the time of originally reporting the case. The gross descriptions and all available slides from these 37 cases were then reviewed in detail, without prior knowledge of the clinical follow up data or patient prognostic information. The overall percentage of necrosis in each case was assessed from all the available haematoxylin and eosin stained slides of each tumour. The cases were categorised into three groups, namely: group 1, more than 95% necrosis within the cross sectional area of available sections of tumour; group 2, 50-94% necrosis within the available sections of tumour; and group 3, less than 50% necrosis within the available tumour sections. Tumours with evidence of tumour hyalinisation were also included and scored as necrotic non-viable tumours, as were those that showed evidence of cystic change. The tumour nuclei were graded according to the Fuhrman system. 11 The age and sex of the patients were recorded from the pathology report, along with the maximum macroscopic size of the tumour. Tumours were staged using the data in the pathology reports and review of the slides, according to TNM 1997. 12 The case notes were consulted for the follow up data. Progression of disease was defined as either regional recurrence, development of metastasis, or death as a result of disease. Two cases with extensive necrosis (. 95%) were rejected because these were unexpected incidental findings at necropsy in patients dying of intercurrent disease. A third case that showed extensive histological necrosis arose as a result of tumour necrosis and infarction caused by therapeutic renal arterial embolisation, and is not further discussed.
RESULTS
Of the remaining 34 cases, four showed more than 95% necrosis, 10 cases showed 50-94% necrosis, and 20 cases showed less than 50% necrosis (table 1). The pattern of necrosis in all four cases showing extensive (. 95%) necrosis was similar. There was a central necrotic core consisting of cellular debris, often with cholesterol clefts and haemorrhage. Around this was a thin rim of viable tumour cells surrounded by a thick fibrous capsule. The tumours required extensive tissue sampling, sometimes with immunohistochemistry for cytokeratins, to make a confident diagnosis of malignancy. Some extensively necrotic (. 95% necrotic) tumours from group 1 showed cystic areas lined by flattened attenuated epithelium. The necrotic centres of the tumours either contained amorphous material, with scattered calcifications, with sometimes cholesterol clefts and macrophage infiltration of the necrotic central area of these tumours. Other cases showed central tumour hyalinisation and partial tumour calcification, without the presence of necrotic debris, with a few remaining viable tumour cells surrounding the periphery of the lesion-for example, case 1 in table 2, the first case included in a previous report. 10 The number of blocks examined for group 1 cases ranged from nine to 23 (mean, 14.7). The number of blocks examined for group 2 cases ranged from four to 10 (mean, five) and for group 3 cases from one to 19 (mean, six). All three tumour groups (tables 2, 3, and 4) showed a broad age range, with mean age at presentation in the 7th decade. A striking male predominance was noted in all three groups (M : F ratio, 2:1). Tumours ranged in size from 25 to 350 mm, with groups 2 and 3 having larger mean sizes; however, no significant size difference was noted. Although the number of cases in our series is small, making statistical comparisons difficult, group 1 tumours were all pT1 or pT2, whereas a proportion of group 2 and 3 tumours were pT2 or pT3. One group 2 tumour could not be staged because the macroscopic size of the tumour was not mentioned in the pathology report. Of the 14 tumours that were pT3, in only five cases was there invasion of the tumour into the renal vein. Of these, two patients were in group 2 and three patients were in group 3. With regard to grading, most of the cases in all three categories were Fuhrman nuclear grade 2 (22 of 34 cases).
Patient outcome
Follow up data were available for 31 patients, because three patients were lost to follow up. In the 31 patients in the series with follow up data, nine patients progressed and six of these showed less than 50% necrosis and three showed between 50% and 94% necrosis. Follow up information was available for 18 of 20 patients with TNM stage I or II tumours. No patients with TNM stage I or II tumours progressed.
Group 1
The follow up time for the group 1 patients ranged from 23 to 51 months, with a mean follow up time of 34 months. None of the pathological group 1 patients showed tumour progression (table 2) . 
Group 2
There were two patients with group 2 lesions who progressed. The first died of disease at 22 months and the second patient developed recurrence of tumour at 50 months, both tumours were pT3, with one showing invasion of the renal vein (table 3) . A third patient with renal vein invasion died postoperatively. The mean follow up time for the six group 2 patients who did not progress was 52 months.
Group 3
The six patients with group 3 lesions who progressed were all stage pT3, and two showed evidence of renal vein invasion (table 4) . One patient died within one month and the remainder developed metastases at five, 15, 16, 31, and 33 months, respectively. The follow up time for the 12 group 3 patients who did not progress ranged from 13 to 73 months, with the mean being 36 months.
DISCUSSION
The prognostic importance of identifying any necrosis in RCC is now clearly understood. Early studies had suggested that necrosis in RCC predicted adverse prognosis. 13 This has now been confirmed in larger modern series of RCC, where any evidence of necrosis has been shown to be an adverse prognostic factor 1 2 5-7 that ranks with tumour type, nuclear grade, and TNM stage as an independent predictor of adverse prognosis in clear cell RCC and chromophobe RCC. 2 Cystic RCC has been classified into four morphological patterns by Hartmann et al.
14 One of the four subtypes, the so called cystic necrosis subtype, corresponds to our group 1 cases. Hartmann and colleagues 14 described these tumours as showing cystic degeneration that was so extensive that the bulk of the tumour is fluid filled, with a usually thick and irregular wall, with the cystic space filled with necrotic debris and fresh or old haemorrhage. They also described three other patterns of growth in cystic RCC, namely: intrinsic cystic growth multiloculated, intrinsic cystic growth (unilocular), and RCC arising in a pre-existing simple cyst.
The largest study of very extensive necrosis in RCC was a recent institutional series by Brinker et al. 9 These authors identified and compared 17 cases of RCC showing very extensive necrosis with 26 cases showing at least 50% necrosis and other cases of cystic RCC. The definition of extensive necrosis used by Brinker et al was any RCC tumour showing at least 99% necrosis. Brinker et al commented that in their type 1 cases (those tumours with more than 99% necrosis), initial sampling of the tumour failed to reveal viable tumour, and total embedding of the tumour was required to identify small foci of recognisable cancer. Viable tumour was often only seen in the cyst walls, comprising small nests of clear cells, or in diminutive papillary structures, dilated tubular structures, or as papillary fronds projecting into a cystic cavity filled with necrotic debris. Brinker et al noted that the cystic nature of these lesions resulted from central tumour necrosis with a cyst content of calcific material and amorphous debris, with the cysts being surrounded by a thick fibrous capsule. Follow up information was available in 80% of their series. Nine cases progressed, although only one of these had more than 99% necrosis. 9 The other eight cases that progressed showed a lesser degree of necrosis-greater than 50% but less than 99%. Brinker et al Extensive necrosis in renal cell carcinomaconcluded that RCC showing extensive necrosis is capable of aggressive behaviour and patients with these lesions cannot be assured of cure after surgery, although the short term prognosis of these tumours appeared to be relatively good. 9 Two cases of extensively necrotic RCC included in our series were reported in 1998, 10 although without clinical follow up information. These two cases are group 1, cases 1 and 2 (table 2). The previous report suggested that extensive tumour necrosis might have arisen as a result of spontaneous regression of RCC 10 and emphasised, as did Brinker et al, 9 the importance of adequate tissue sampling of the whole tumour to make a confident diagnosis of RCC. We have now identified from our laboratory's files two further cases of RCC showing extensive (. 95%) tumour necrosis. This total of four cases was compared and contrasted with a much larger number of RCCs showing lesser degrees of necrosis: group 2 showing 94-50% necrosis and group 3 showing less than 50% tumour necrosis in tissue sections. In addition, two further cases of RCC were identified that showed extensive (. 95%) necrosis as coincidental findings at medicolegal necropsy, in patients dying of other diseases, but were not included in our series because there was no clinical follow up information available.
Our study was undertaken to ascertain the prognostic relevance of extensive necrosis in RCC and to assess the prevalence of such cases in routine practice. All of the patients included in our study underwent surgery for RCC in our hospital, making estimation of the prevalence of extensive necrosis in RCC easier, because there is less likelihood of case selection bias that may be evident in large series derived from a pathology case referral practice. Inevitably, there is an element of subjectivity in assessing the degree of necrosis because the assessment of the degree of necrosis is based on the retrospective review of archival tissue sections.
In our study, none of the four cases showing extensive tumour necrosis, defined as more than 95% of tumour area, showed evidence of progression. The nine cases with necrosis mentioned in the contemporaneous pathology reports that did progress showed a variable degree of necrosis, but none showed extensive (. 95%) necrosis. All the tumours that progressed or caused death were pTNM stage 3 tumours. Thus, the fact that these tumours progressed was probably related to the higher stage at presentation, rather than to the degree of necrosis present. The number of cases in this series is too small to perform valid statistical analyses to assess the relative prognostic effect of nuclear grade and necrosis. However, all three cases that progressed or caused death in group 2 showed nuclear grade 3. Of the six cases that progressed in group 3, one, three, and two cases showed nuclear grades 1, 2, and 3, respectively. Overall, however, there was no clear difference in prognosis within the three necrosis subgroups if the effect of pTNM staging is taken into consideration.
RCC tumours showing extensive necrosis are rare, accounting for only 1.6% of all RCCs diagnosed during an eight year period from a non-selected population in a regional hospital. The cause of extensive necrosis in RCC is not clear. RCC is a tumour that can rarely show spontaneous regression. 10 15 Several explanations for this are possible, including autoinfarction as a result of renal vein thrombosis, coexistent severe renal artery atherosclerosis, the tumour outgrowing the vascular supply, or autoimmune mechanisms. 16 None of our cases with extensive necrosis showed evidence of renal vein invasion. In fact, the five cases that did show evidence of tumour renal vein involvement were in groups 2 and 3. Similarly, none of our cases in group 1 showed evidence of severe atherosclerosis of the renal artery sufficient to cause autoinfarction. If necrosis is to be viewed as a sign of a rapidly growing tumour outgrowing its vascular supply, then one would expect extensively necrotic tumours to have a worse prognosis than usual types of RCC. This is certainly not borne out in our study. RCC carcinoma is unusual among solid tumours because of its immunogenic properties and its susceptibility to immunotherapy. 17 Recent studies have highlighted the susceptibility of RCC to immunological control using allogenic peripheral blood stem cells. 16 These patients had metastatic RCC refractory to conventional treatment. 16 There have also been reports of spontaneous regression of metastases of RCC. 15 Therefore, it is possible that RCC showing extensive necrosis may, in some cases, represent a group of tumours showing regression as a result of an autoimmune mechanism.
RCC showing extensive necrosis may cause diagnostic difficulty and such cases must be thoroughly sampled, especially around the rim of the tumour to identify small populations of viable tumour cells. 9 10 Immunohistochemistry, particularly for cytokeratins, can often be of help in such cases.
In any prospective series of RCCs preoperative assessment using conventional or spiral computed tomography can help to assess tumour necrosis preoperatively. This was not available for this series of patients.
In summary, extensive necrosis in renal cell carcinoma may imply better short term prognosis, although after adjusting for tumour pTNM stage, very extensive (. 95%) tumour necrosis is probably not a prognostic variable in RCC. Extensive sampling of very necrotic tumours is essential to identify foci of viable tumour. The mechanism of necrosis or regression may vary from case to case and may be vascular, immunological, or arise as a result of other mechanisms.
Take home messages N Extensive necrosis (. 95% necrosis) is a rare finding in renal cell carcinoma (RCC), accounting for only 1.6% of those diagnosed during eight years in this unselected hospital series N The microscopic pattern of necrosis was typical, requiring extensive tumour sampling for definitive tumour diagnosis N Although there were only four patients with extensive necrosis in our series, none developed recurrent or metastatic carcinoma, or died from RCC N However, although extensive (.95%) necrosis may imply better short term prognosis, after adjusting for tumour pTNM stage, it is probably not a prognostic variable in RCC
